INTRODUCTION
Institutional animal care and use committees (IACUCs) are responsible for providing oversight in assuring the welfare and humane care and use of animals. As a component of fulfilling this obligation, many institutions have developed written policies and guidelines that describe acceptable techniques for conducting various experimental procedures. These guidelines generally combine currently available literature and experience to guide decision-making efforts so that justified scientific requirements are balanced with the ethical responsibilities for conducting in vivo procedures. Updating these guidelines with new information on procedural refinements and alternatives is a critical component of ensuring that these procedures are performed in a manner that avoids or minimizes pain or distress.
In the case of adjuvants and antibody production, published guidelines available to IACUCs include the National Freund's Adjuvant (Grumpstrup-Scott and Greenhouse, 1988) , the Canadian Council on Animal Care (CCAC) Guidelines on Acceptable Immunologic Procedures (CCAC, 1991) and the United Kingdom Coordinating Committee on Cancer Research (UKCCCR) Guidelines for the Welfare of Animals in Experimental Neoplasia (Workman et al., 1988) . While these guidelines provide a solid foundation for constructing acceptable procedural policies, none are sufficiently comprehensive to address all aspects of antibody production procedures.
Institutes of Health (NIH) Intramural Recommendations for the Research Use of Complete
In an attempt to define the currently acceptable policies and guidelines for adjuvant use and antibody production, we asked 55 academic and industrial institutions across the United States to provide us with their current recommendations. Written policies and guidelines were received from 30 of these institutions. This information as well as published data were used as resources to compile recommendations based on sound scientific rationale. We believe the guidelines presented below to be representative of current guidelines for adjuvant use and antibody production.
The information presented in this manuscript is intended to provide points for IACUCs to consider when developing or revising recommendations for these procedures. A select general reference list compiled from institutional guidelines and a literature search is also included.
INSTITUTIONAL POLICIES
Documents for antibody production can be written as guidelines or in specified instances as standard operating procedures. Guidelines, in general, are provided to assist investigators in appropriately designing experimental protocols for adjuvant use and antibody production. The guidelines may be included as part of the protocol form. The guidelines are often adopted as institutional policies and any departures from established procedures require justification by the investigator when completing the animal protocol form and subsequent review by the IACUC.
Background information should be made available and should include the objectives and sequential procedures conducted in the production of monoclonal and polyclonal antibodies. Descriptions of how adjuvants work and their potential to cause pain and distress when used in animals (particularly when used improperly) are not only helpful and informative, but provide scientific rationale for the guidelines per se. The potential for pain and distress associated with other aspects of antibody production such as tumor growth, abdominal distention and paracentesis in mice with ascites, and blood collection techniques should also be addressed.
Investigators should be encouraged to develop refinements in antibody production techniques, alternative adjuvant protocols, and specific alternatives to the use of Freund's complete adjuvant (FCA), as well as to consider in vitro alternatives in order to advance the field of antibody production. A general list of references and specific citations for individual recommendations will also benefit both the investigator and the IACUC.
MONOCLONAL ANTIBODY PRODUCTION

Selection of Animals
Different mouse strains may be used for immunization as some strains respond better than others to certain antigens based on MHC haplotype, genes encoding B-and T-cell receptors, and expression of various proteins involved in immunoregulatory mechanisms (Kuby, 1992) . Other rodents, such as rats or hamsters, are infrequently used for immunization.
As most hybridomas have been derived from the fusion of BALB/c plasmacytomas and BALB/c spleen cells, hybridoma recipient mice must be histocompatible, or if not, must be immunodeficient or immunosuppressed by exogenous means such as irradiation. The UKCCCR Guidelines for the Welfare of Animals in Experimental Neoplasia (Workman et al., 1988) suggest the use of retired female breeders. The females' abdominal musculature is presumed to be more distensible, which allows larger ascites volumes to be tolerated without discomfort. The utility of retired breeders is enhanced by their availability, large size, and tendency not to fight (Chandler, 1987) . The use of BALB/c-derived crossbred Fl hybrids is another consideration given reports that cite greater ascites volumes and antibody production in Fl hybrids (Brodeur and Tsang, 1986; Stewart et al., 1989) . However, others reported no significant difference between Fl hybrids and parental BALB/c mice (Chandler, 1987) .
To the authors' knowledge, there is no definitive information in the literature to suggest that either sex is necessarily better for antibody production. In one study, ascites production and antibody production were greater in male mice (Brodeur et al., 1984) while results of another study suggested that there was no predictable difference between male and female mice with respect to ascites production parameters. It was suggested, however, that some cell lines may grow slightly better in one sex of mouse than the other, and for some cell lines, solid tumors without ascites production tend to form in one sex while ascites tumors tend to form in the opposite sex (Chandler, 1987) . BALB/c male mice are aggressive and often require individual housing because of their tendency to fight, which has been a deterrent to their use.
Immunization Protocols
The immunization schedule and the selection of, or need for, adjuvants should be determined based on the nature of the antigen (Harlow and Lane, 1988; Kenney et al., 1989) . For example, intravenous inoculation can be used for particulate antigens without adjuvant and for booster immunizations of soluble antigens in saline. Subcutaneous and intraperitoneal routes of injection are commonly used for primary immunization of mice with an antigen-adjuvant preparation. Because of limited muscle mass, intramuscular injections in mice are frequently discouraged. Intradermal injections are usually limited to a total volume of 0.05 ml. Volumes of 0.05 to 0.2 ml may be administered subcutaneously, and volumes < 0.5 ml may be administered intraperitoneally. Some institutions limit the total volume to 0.1 ml if FCA is used, and Freund's incomplete adjuvant (FIA) is recommended for subsequent boosts. Mice are generally boosted 14 to 28 days following primary immunization. Blood is collected to measure antibody titer approximately 10 to 24 days following the boost. Animals with sufficiently high titer are rested for 3-4 weeks, then given a final boost with aqueous antigen alone intravenously in < 0.2 ml total volume or intraperitoneally. Three days later, the mice are euthanized and the spleens are harvested for cell fusion. Animals that do not have a high titer following the first boost may be reboosted multiple times and titers may be repeated.
In vitro immunization of lymphocytes, first described by Hengartner et al. (1978) , may be considered as an alternative to in vivo immunization (Van Ness et al., 1984; Ma et al., 1984) . Advantages cited for in vitro immunization include that the procedure may be performed in days rather than weeks, only very small amounts of antigen are required, and it is possible to generate antibodies that are not produced in vivo due to suppression or tolerance (Guzman et al., 1995) . A more detailed description of in vitro immunization is presented in the manuscript by Grimaldi and French (p. 130 of this issue).
Priming Agents
In mice that do not receive a priming agent prior to hybridoma cell inoculation, solid tumors may form, but little or no ascites is produced. Pristane is the ascitogenic agent most frequently used to "prime" the peritoneal cavity for successful growth of hybridomas as ascitic tumors. The reported biologic effects of pristane include the induction of granulomatous inflammation in the peritoneum (Cranco and Potter, 1976; Leak et al., 1985) , immunosuppression (Kripke and Weiss, 1970; Freund and Blair, 1982) , induction of growth factors (Cranco and Potter, 1976; Platica et al., 1982) , lymphatic obstruction (Leak et al., 1985) , and reduced clearance of particulate materials and cells from the peritoneal cavity (Moore and Rajan, 1994) . The recommended dose volume for pristane varies from 0.1 to 0.5 ml. Many guidelines recommended volumes of 0.1 to 0.3 ml, with the majority of these recommending 0.2 ml. One study demonstrated no significant difference in ascites volumes in animals receiving 0. 1 vs. 0.5 ml pristane (Hoogenraad and Wraight, 1986) , and researchers have reported success using 0.2 ml pristane (Kwan et al., 1980; Colwell et al., 1986) . Other authors suggest that smaller volumes of pristane may reduce the potential for distress associated with its irritant properties (Amyx, 1987; McGuill and Rowan, 1989) . In a study by Brodeur et al. (1984) , pristane volumes ranging from 0.2 to 2.0 ml were investigated, and volumes of 0.5 ml were found to result in the largest volumes of ascites with high antibody titer.
Alternatives to the use of pristane include complete and incomplete Freund's adjuvant. Two guidelines in our survey stated that FCA was not acceptable for intraperitoneal administration. A study conducted to compare pristane to FCA, FIA, proteose-peptone, thioglycollate, corn oil, and mineral oil as alternative priming agents, demonstrated that FIA was as good or better than pristane based on number of taps per mouse, ascites volume, and antibody concentration (Gillette, 1987) . A 0.25 ml volume of all agents was administered 7 days prior to hybridoma cell inoculation. In a subsequent study, using 0.5 ml FIA, results indicated that the time interval between priming and hybridoma inoculation could be reduced to 1 day, and as few as 1 X 10 5 hybridoma cells could be inoculated without significant negative impact on ascites production (Mueller et al., 1986) . Results of this study also demonstrated development of ascites tumors in control mice that received only FIA, without hybridoma cells. Another study demonstrated significantly greater ascites volumes with no significant difference in antibody concentration in FIAprimed mice as compared with pristane-primed mice (Jones et al., 1990) , and the time interval over which the animals were tapped was also shorter for FIA-primed mice. The agents were administered in a volume of 0.1 ml.
Inoculation of Hybridoma Cells
The recommended time interval between pristane priming and inoculation of hybridoma cells varied from 5 days to 4 weeks. These recommendations are consistent with reports that intervals ranging from 3 days to 3-4 weeks have been successful for hybridoma growth, with optimum times reported to be 1 0 days (Hoogenraad et al., 1983; Hoogenraad and Wraight, 1986 ), 14 days (Brodeur et al., 1984) , 3-4 weeks (Chandler, 1987) , and 30 days (Cranco and Potter 1976) . In the study reported by Chandler, priming periods of 5 to 54 days were examined with two cell lines in large groups of mice (N=200-1000/group). The author suggested that the longer optimal time period between pristane priming and hybridoma inoculation (3-4 weeks) may be required for peritoneal inflammatory cells to establish an ideal microenvironment for hybridoma growth.
Guidelines for the number of cells in the hybridoma inoculum range from 10 5 to 10 7 cells in basal cell culture media or PBS, inoculated intraperitoneally in a total volume from 0.1 to 0.5 ml. One report indicated the optimum hybridoma inoculum to be 5 X 10 5 cells. Inocula of 2 x 10 6 cells were associated with significant mortality and with doses of 1 X 10 5 cells, fewer mice developed ascites and the volume yield was significantly lower (Chandler, 1987) . Differences in the number of cells inoculated in these experiments did not significantly alter antibody concentration. An inverse relationship between the number of cells inoculated and duration of time between injection of cells and onset of ascites production as well as duration of survival of the mice has been noted (Brodeur et al., 1984) . Ascites formed sooner with larger cell inocula, but shortened survival times could limit the number of taps possible. Based on ascites volumes and antibody concentration, optimal cell dosage was between 0.6 and 3.2 x 10 6 cells (Brodeur et al., 1984) . Another reference recommended 10 7 cells (Zola, 1995) . Optimal cell number for inoculation may be dependent on the biologic behavior of the cell line and thus it may be appropriate to consider conducting pilot experiments with novel cell lines to investigate parameters such as number of cells for inoculation and thus permit optimization prior to using large numbers of animals.
Hybridomas should be tested for the presence of adventitious viral and mycoplasma agents prior to introduction into an animal host to prevent the potential transmission of infec-tious agents from contaminated cell lines into facility mouse colonies (Loew and Fox, 1983) . Viral contamination was found in 69% of 465 murine leukemia and transplantable tumor specimens tested (Collins and Parker, 1972) . The most common viral "passengers" were lactic dehydrogenaseelevating virus and minute virus of mice, but polyoma, mouse hepatitis virus, Sendai, lymphocytic choriomeningitis virus, and reovirus-3 were also encountered. One of these viruses, lymphocytic choriomeningitis, has been isolated in tumor cell lines by several laboratories. This virus is capable of producing illness in humans, and indeed investigators have been infected when handling tissue or animals harboring this virus (Baum et al., 1966; Biggar et al, 1976; Bhatt et al., 1986; Dykewicz et al., 1992) .
Abdominal Paracentesis
Institutional guidelines recommend that ascites pressure be relieved by abdominal paracentesis when visible abdominal distention becomes evident, and prior to the development of marked abdominal distention with associated clinical signs of pain or distress. The UKCCCR guidelines (Workman et al., 1988) , recommend that ascitic fluid volumes not exceed 20% of the baseline body weight prior to performing abdominal paracentesis.
The use of anesthesia for abdominal paracentesis was required by one institution and was recommended in many guidelines although manual restraint was also generally acceptable. Anesthesia may be particularly helpful for training students and new personnel until the paracentesis technique is perfected. Methoxyflurane was commonly recommended for this procedure. Individuals with experience in clinical assessment of ascites mice, making determinations of proper time intervals between taps, and performing paracentesis procedures should provide hands-on training for inexperienced personnel.
To minimize bacterial contamination, preparation of the paracentesis site with an antiseptic is recommended. An 18 to 20 gauge needle is commonly used because the proteinaceous ascites fluid is frequently viscous. Use of a large gauge needle also permits more rapid collection of ascites which reduces the duration of anesthesia or manual restraint required for the collection procedure. To help prevent shock, which may result from rapid fluid loss especially when large volumes of ascites are collected, 2-3 ml of warm saline or lactated ringers solution may be administered subcutaneously to the mouse at the time of paracentesis. Intervals of 1-3 days (Galfre and Milstein, 1981) or 2-3 days (Epstein and Epstein, 1986) between taps are recommended in the literature.
The number of abdominal taps may vary (Tung et al., 1976) . Institutional guidelines vary in their recommendations regarding number of times paracentesis is permitted to be performed-from once to unlimited times-provided that ascites fluid continues to accumulate, the animals continue to maintain good body condition without evidence of debilitation or complications from the procedure, and animals exhibit no signs of pain or distress. Euthanasia of animals prior to the initial collection of ascitic fluid is seldom recommended. Rather, the majority of institutions surveyed permitted a maximum of 2 or 3 taps and recommended that euthanasia precede the final abdominal paracentesis. If a maximum of 3 taps per animal is permissible, a requirement that animals be observed at least once daily, 7 days a week, with assurance that the animals would be euthanized if they appeared distressed, seems appropriate.
Clinical Observations
Clinical observation of the animals should be performed at least once daily. A number of institutions qualified this by stating that daily observations were to include weekends and holidays. Clinical observations every other day may be adequate until ascites develops. Daily clinical observations allow the degree of abdominal distention to be frequently assessed so that abdominal paracentesis can be performed as needed for each animal. Animals that exhibit severe clinical abnormalities or distress and warrant humane euthanasia can be identified so that animal pain and distress can be minimized.
Potential clinical and pathologic sequelae to hybridoma growth and ascites production procedures include granulomatous peritoneal inflammation induced by priming agents; solid tumor growth within the abdominal cavity; progressive ascites fluid distention of the abdomen, which may be associated with difficulty in ambulation and elevation of the diaphragm leading to respiratory compromise; and complications resulting from injection or paracentesis procedures such as development of hypovolemia following rapid removal of ascites by paracentesis. Any or all of these pathologic sequelae may cause pain or distress in the animal (McGuill and Rowan, 1989; Jackson, 1994; Jackson et al., 1996) . In addition to daily observation of animals to assure that abdominal paracentesis is performed before marked abdominal distention or discomfort becomes evident, investigators should be instructed to monitor animals for hunched posture, roughened haircoat, anorexia, dehydration, weight loss, loss of body condition, inactivity, difficulty in ambulation, tachypnea, and dyspnea. Excessive abdominal distention not relieved by paracentesis should prompt abdominal palpation to diagnose solid tumor growth in the abdomen. Mice should also be monitored for pale eyes, ears, and mucous membranes, which may be indicative of anemia or shock. In one study, clinical signs that included roughened haircoat, hunched posture, inactivity, pallor most evident on the ears and muzzle, tachypnea, and dyspnea were observed in some animals shortly after abdominal paracentesis, and were considered compatible with signs of circulatory shock (Jackson, 1994; Jackson et al., 1996) . While these signs were often transient, in some animals they were persistent and severe, leading to euthanasia or death within approximately 30 minutes from the time of tap (Jack-son, 1994; Jackson et al., 1996) . We therefore recommend that animals be monitored for at least 30 minutes following abdominal tap so that animals with severe or persistent clinical abnormalities that warrant consideration for fluid replacement therapy or euthanasia may be identified.
Animals showing significant abnormalities should be monitored closely to ascertain if signs of pain or distress develop; if animals exhibit severe clinical abnormalities or become moribund, they should be euthanized. Death is not considered an acceptable endpoint to the experiment. To easily identify these mice and to facilitate their monitoring while undergoing ascites production procedures, restricted housing of mice used for ascites production to designated rooms may in some cases be warranted. Proper supervision and training of personnel will undoubtedly facilitate the proper conduct of these procedures in mice.
Alternatives
Many alternatives are available for laboratory scale growth of hybridoma cells in vitro including stationary cultures in Tflasks and suspension cultures in roller bottles and spinner flasks (Kuhlmann et al., 1985; Boyd and James, 1989; Reuveny and Lazar, 1989) . Other techniques include growth of cells in dialysis tubing within a culture bottle (SjbrgrenJansson and Jeanson, 1990), a roller bottle-like apparatus (Falkenberg et al., 1993) , or tumbling chamber (Jaspert et al., 1995) ; and the use of oscillating bubble dialysis chambers (Pannell and Milstein, 1992) . Laboratory scale stirred tank reactors (Reuveny et al., 1986a; Shevitz et al., 1989) , fermentors (Reuveny et al., 1986b; Falkenberg et al., 1995) , ceramic-matrix bioreactors (Kurkela et al., 1993) , packedbed bioreactors (Moro et al., 1994) , and hollow fiber bioreactors (Hopkinson, 1985; Altshuler et al., 1986; Kurkela et al., 1993; Jackson et al., in press) are also in use.
There are many advantages of monoclonal antibody production in mice against which in vitro technologies must compete. Production is rapid in mice, mice can support the growth of most cell lines, minimal materials and technical expertise are required, and the antibody in ascites is highly concentrated. Requirements for technical expertise in cell culture, availability of cell culture laboratory facilities and supplies, capital costs for purchase of equipment, and in general, production of less concentrated antibody than that obtained in ascites, has hindered widespread use of many of these methodologies on a laboratory scale.
Promoting availability of alternative in vitro technology for monoclonal antibody production is worthwhile. For example, some institutions have established cell culture core facilities that are operated as a service to investigators. Many contract antibody production companies also offer in vitro production services that may be used by investigators. Ongoing refinements in cell culture methodologies will likely offer more and improved alternatives for the future. Recombinant antibody technology also provides alternatives to the use of animals for monoclonal antibody production (Karu, 1993) and is discussed in detail in the manuscript by Karu, Bell, and Chin (p. 132 
of this issue).
POLYCLONAL ANTIBODY PRODUCTION
Selection of Animals
Selecting a species for polyclonal antibody production is described in detail in the article by Hanly, Artwohl, and Bennett (p. 98 of this issue). The species most frequently used for polyclonal antibody production are mice, hamsters, rats, guinea pigs, rabbits, goats, sheep, and chickens. Rabbits are the most commonly used laboratory animal species. Because of the inherent value of these experiments and the animals in which they are conducted, combined with the stress associated with these immunization protocols, we recommend the use of specific-pathogen free rabbits. Preference of sex of the rabbit may vary, but often investigators prefer females because they tend to be more docile. Animals are usually over 2 kg in weight before the immunization protocol commences. These animals are readily available commercially and their use dramatically reduces morbidity and mortality documented frequently in rabbits infected with microbial pathogens, particularly Pasteurella multocida
Antigen Preparation
The antigen preparation should be free of extraneous microbial contamination; sterilization by filtration through a 0.22 micron filter is routinely performed. The presence of byproducts, such as polyacrylamide gel, should be avoided because of their inflammatory properties (Stills, 1994 ). Antigen prepared by gel electrophoresis should be eluted, lyophilized, ground to a fine powder, and resuspended in sterile saline (Harlow and Lane, 1988) . Alternatively, the antigen is transferred to nitrocellulose paper, trimmed, and cut into the smallest pieces possible (Knudsen, 1985; Larsson and Nilsson, 1988) . If these materials are incorporated into the antigen preparation, care should be exercised when administered with FCA. Extremes of pH, paniculate matter and contamination with chemicals such as SDS, urea, acetic acid, or other solvents or potentially toxic agents should also be avoided. Special precautions may be necessary if the antigen itself is a viable microbe.
Antigen-Adjuvant Emulsions
A description of procedural techniques to properly mix antigen-adjuvant emulsions should be provided to ensure proper preparation of the material (Herbert, 1978; Harlow and Lane, 1988) . If FCA is used, the mycobacteria should first be resuspended by vortexing or shaking. One part or less of Freund's adjuvant to one part antigen (v/v) is recommended. Two sterile luer-lock syringes, one containing Freund's ad-juvant and one containing the antigen, preferably in sterile saline, are used for these purposes. Glass syringes are often preferred because the oil will react with the rubber plunger on plastic disposable syringes (Stills and Bailey, 1991) . The aqueous antigen solution is injected through a 3-way stopcock or mixing cannula into the adjuvant and then the emulsion is prepared by pushing the solution back and forth between syringes for several minutes. An emulsion is properly prepared when it becomes thick, is difficult to inject back and forth through the cannula, and will not separate on standing; a droplet placed into a saline solution should not disperse. Emulsification is enhanced by the use of cold (4°C) adjuvant. Failure to emulsify the preparation may be due to contamination of the antigen with SDS or organic solvents (Herbert, 1978) . For antigen-adjuvant preparations using adjuvants other than Freund's, manufacturer's instructions should be followed.
Freund's Adjuvant and Alternatives
FCA (Freund and McDermott, 1942) , first used in the late 1930s, still remains the most commonly used adjuvant for polyclonal antibody production. The adjuvant contains killed mycobacteria, paraffin oil, and mannide monoosleate. The use of killed mycobacteria elicits a delayed hypersensitivity reaction. As a part of this reaction, there is augmented recruitment of antigen-presenting macrophages and other antigen-processing cells, which helps T-cell dependent humoral antibody responses. In addition, adjuvants in general contain substances that have a depot effect. This results in slow degradation of the antigen with a prolonged period for antigen stimulation of the immune system (Osebold, 1982) . Lesions associated with the use of Freund's adjuvant have been described and include granulomatous inflammation, focal necrosis, ulceration of skin, fistulous tracts, muscle atrophy, self-induced trauma, hypersensitivity reactions, and weight loss (Amyx, 1987; Broderson, 1989; Toth et al., 1989; Stills and Bailey, 1991) .
FCA should be used only once, usually for the initial immunization, in all species. Severe hypersensitivity reactions may result following re-exposure of the host to mycobacteria. For example, in rabbits, death with or without preceding acute respiratory distress was observed within 6 to 48 hours following booster inoculations with FCA given 3-6 weeks following primary immunization (Broderson, 1989) . Severe pain was present in 5 of 9 people accidentally injected with FCA. All 5 of these individuals tested positive for tuberculosis prior to the accidental FCA inoculation (Chapel and August, 1975) . Also, painful ulcers and abscesses in patients treated with autologous tumor extract in FCA occurred only following the second or subsequent immunization with FCA (Hughes et al., 1970) . FIA, without killed mycobacteria, is commonly recommended for booster immunizations to avoid hypersensitivity reactions resulting from re-exposure of the host to mycobacteria.
Formulations of FCA not exceeding 0.1 mg dry mycobacterial cell mass/ml have been recommended to avoid proportionally increased inflammation and necrosis observed with higher concentrations of mycobacteria (Broderson, 1989) . The use of FCA is specifically discouraged for use in food animals and nonhuman primates because of subsequent interference with routine tuberculin skin tests used for diagnostic purposes. Nonhuman primates inoculated with FCA may be tattooed to prevent misinterpretation of subsequent positive tuberculin test results (Pierce and Dukelow, 1988) . Some institutions suggested that Freund's adjuvant should be limited to use with antigens known to be weak immunogens or when only very small amounts of antigen are available (Harlow and Lane, 1988) . Less inflammatory alternatives to Freund's adjuvant are available and should be considered (Allison and Byars, 1986; Allison and Byars, 1991; Altman and Dixon, 1989; Bennett et al., 1992; Croft et al., 1991; Lipman et al., 1992; Niemi et al., 1985; Smith et al., 1992; Woodward, 1989; Yarkoni and Rapp, 1979) . Guidelines should cite references for alternatives to the use of Freund's adjuvant, and additional information or referral to individuals with experience in the use of alternative adjuvants is helpful for investigators (Rowsell, 1989) . Ribi Adjuvant System® and TiterMax® are commonly cited as appropriate alternatives (Bennett et al., 1992; Check et al., 1990; Hunter et al., 1989; Lipman et al., 1992; Meyer et al., 1974; Ribi et al., 1984) . Noninflammatory adsorptive adjuvants such as alum and aluminum hydroxide gel may also be considered (Bomford, 1988; Harlow and Lane, 1988) . A more detailed description and comparison of various research adjuvants is presented in the manuscripts by Jennings (p.l 19 of this issue) and Hanly (p. 112 of this issue). Providing detailed recommendations outlining the specific rationale for selection of species and adjuvants for use with particular antigens and applications based on considerations for the amount of antibody required, the type of response required, and the nature of the antigen may sometimes be helpful (Warren et al., 1986) .
Specific recommendations for the interval between primary and booster immunizations are usually not cited. It is important to remember that the primary antibody response continues as long as the antigen is still being released (Stills, 1994) . This statement must be considered, however, in the context that immunoglobulin class switching is a dynamic process occurring during the prolonged immunologic response to the initial immunization with antigen and FCA or similar adjuvants. Sera analysis to determine that antibody levels have dropped sufficiently to prevent rapid clearance of antigen can be undertaken before administration of subsequent immunizations. Two to 3 weeks is generally considered the minimum time period between the initial and subsequent immunizations. Booster immunizations are sometimes delayed if significant inflammatory reactions are still present from the initial immunization. For adjuvant-antigen mixtures that cause excessive inflammatory reactions, due consideration should be given to using lesser concentrations, smaller volumes per injection site, or both for subsequent immunizations.
Injection Site Selection and Preparation
The selection of appropriate injection sites, irrespective of the adjuvant used with the antigen preparation, is important. Anatomic sites used for grasping, handling, or restraint such as the dorsal cervical/scapular areas and rump in rabbits and dorsal cervical/scapular areas and tail base in rodents should be avoided when possible. Extension of granulomatous inflammation into the spinal cord following inadvertent injection of a FCA-antigen mixture into the paraspinal musculature has been associated with posterior paresis in guinea pigs (Kleinman et al, 1993) . Care therefore should be taken when making injections near the dorsal spinal column. Granulomas can also be noted in other organs after injections with FCA (Schiefer and Stunzi, 1979) . Avoid sites that may be prone to self-mutilation, and avoid sites that may interfere with ambulation such as footpads. "Footpad" injections in rabbits are prohibited by most, if not all, institutions. The lack of anatomically defined footpads, plus the weight bearing function of the rabbit's feet, preclude this site for immunization. Furthermore, significant antibody titers are routinely produced by immunization at other sites (Leskowitz andWaksman, 1960; Amyx, 1987) . Where scientific justification is provided, footpad injections may be permitted in rodents, but only in one hind foot, and with the animals housed on soft bedding. Suggested maximum injection volumes can range from 0.01 to 0.05 ml for mice and 0.10 ml for rats. Alternative strategies for tracing the fate of injected antigens in local lymph nodes includes intramuscular or subcutaneous injection in an area drained by a particular node such as the axillary or inguinal nodes, or injection in the hairless skin at the base of the tail. Sometimes direct inoculation into lymph nodes, such as the popliteal lymph node, is used (Sigel et al., 1983) . With practice these nodes often can be palpated and the injection performed percutaneously, thus obviating the need to perform a surgical incision and dissection to locate the lymph node for injection. Visualization of nodes may be facilitated by prior injection of a vital dye (Harlow and Lane, 1988) .
Hair should be clipped from intradermal and subcutaneous injection sites, and the site should be aseptically prepared with betadine or nolvasan scrub followed by alcohol or other appropriate antiseptics. Clipping of hair and aseptic preparation of the injection sites not only reduces the potential for the development of infection and abscess formation, but also facilitates visualization of the injection sites to permit appropriate treatment of lesions if they develop. The use of sterile needles and syringes is mandatory to minimize microbial contamination of injected tissue. The area where the needle penetrates the skin for intramuscular injections should be prepared with appropriate antiseptics.
Routes, Volumes, and Sites of Administration
The range of recommendations for routes and sites of administration of antigen-adjuvant preparations, volumes per site, and number of sites per animal for different species vary in the literature and institutional guidelines. Particularly with the use of Freund's adjuvant, it is important to note that the severity of potentially painful inflammatory reactions may be minimized by injection of a small volume of inoculum per site and the use of multiple injection sites when appropriate. Injection sites must be sufficiently separated to prohibit coalescing of the inflammatory lesions, which may result in disruption of blood supply to the area with subsequent formation of draining abscesses or occasional tissue sloughs. Using multiple sites for immunization also provides more foci for antigen presentation and the involvement of more lymph nodes, which ultimately improves antibody production (Amyx, 1987; Grumpstrup-Scott and Greenhouse, 1988; Stills and Bailey, 1991) . Booster injection sites should be distanced from previous injection sites.
Intradermal and subcutaneous routes are commonly used to take advantage of antigen-processing dendritic cells present within the dermis. The Langerhans cells have class II major histocompatibility antigens, and Fc receptors that interact with and activate T-helper lymphocytes (Harlow and Lane, 1988; Stills, 1994) . The following recommendations apply primarily to antigen solutions in FCA or FIA. Volumes ranging from 0.05 ml per site (Amyx, 1987; CCAC, 1991; Grumpstrup-Scott and Greenhouse, 1988) to 0.10 ml per site (Harlow and Lane, 1988; Johnston et al., 1991) have been recommended for intradermal injections in rabbits. Injections are most commonly placed on the back and can be performed using a small 25 to 27 gauge needle. A total of five intradermal sites has been recommended by Johnston et al. (1991) , however, a larger number of sites is recommended in immunology texts (Harlow and Lane, 1988) . Smaller granulomas (averaging 16 mm vs. 25 mm diameter at 5 weeks post-injection) are produced following FCA inoculation with 0.05 vs. 0.10 ml in rabbits (Stills and Bailey, 1991) . Because intradermal sites ulcerate with FCA (Broderson 1989; Stills and Bailey, 1991) , sterile inocula must be used and the site must be properly disinfected to prevent secondary bacterial infection. Sites that are secondarily infected may be tender on palpation and show evidence of self-mutilation (scratching and chewing). Sites without secondary complications, however, usually don't appear to be painful or tender on palpation (Johnston et al., 1991; Stills, 1994) . It is important to separate multiple intradermal and subcutaneous injection sites, which are often located along the back, to prevent coalescing of the inflammatory lesions. Intradermal injection in rodents is not recommended by the CCAC, however, intradermal injection of volumes ranging from 0.01 to 0.05 ml per site is recommended in a number of institutional guidelines.
Subcutaneous injection volumes in the rabbit vary from recommendations of 0.10 ml (Amyx, 1987) to 0.25 ml (CCAC, 1991; Johnston et al., 1991) to 0.40 ml per site (Harlow and Lane, 1988) . Number of sites recommended varies from four (CCAC, 1991; Johnston et al., 1991) to 10 (Harlow and Lane, 1988) . It must be cautioned, however, that with subcutaneous injection, the granulomatous inflammatory response can extend to adjacent sites and fistulous tracts may be formed (Stills and Bailey, 1991) . Subcutaneous injection volumes in rodents have been recommended at 0.10 ml per site (Grumpstrup-Scott and Greenhouse, 1988; CCAC, 1991) .
Intramuscular injections, usually made in the biceps femoris or quadriceps muscle mass, generally are larger volumes of 0.25 ml (Johnston et al., 1991) to 0.20-0.40 ml (Harlow and Lane, 1988 ) to < 0.50 ml per site (CCAC, 1991) . Care must be exercised to avoid adjacent nerves and blood vessels as well as fascial planes when injecting into a muscle bundle. Intramuscular injection has been recommended for large animal species with volumes of 0.50 ml (Grumpstrup-Scott and Greenhouse, 1988) to < 1.0 ml (CCAC, 1991) recommended. As with subcutaneous administration, the inoculum can migrate to more ventral and superficial sites and form fistulous tracts and cutaneous ulcerations at distant sites (Broderson, 1989) . Disagreement exists as to the appropriateness of intramuscular injection of Freund's adjuvant. The intramuscular route of injection was recommended in some institutional guidelines and specifically discouraged in other guidelines. While effective, lesions are difficult to evaluate unless loss of limb function or muscle atrophy occurs, which is considered to be a disadvantage (Amyx, 1987; Stills and Bailey, 1991) . Intramuscular injection is generally not recommended in rodents because of limited muscle mass. Broderson (1989) concludes that more than 0.10 to 0.30 ml of FCA or FIA per site in rabbits and owl monkeys, regardless of route of administration, markedly increases the severity of lesions.
The intraperitoneal route of administration is only recommended in rodents. The CCAC recommends volumes < 0.10 ml. Clinical and pathological effects associated with intraperitoneal administration of FCA in mice have been described (Toth et al., 1989; Lipman et al., 1992) .
Intravenous use of FCA or FIA should not be permitted (Harlow and Lane, 1988; CCAC, 1991) . Following intravenous injection of FCA or FIA in rabbits adjuvant emboli were identified in the subpleural regions of the lung and multiple granulomas were formed.
There was also hyperplasia of Type II alveolar epithelial cells and the alveolar septae became thickened (Brooks etal., 1978) . Occasionally intravenous routes can be used for particulate antigens and for antigens soluble in physiological saline (Stills, 1994) .
For adjuvants other than Freund's adjuvants, such as Ribi Adjuvant System® and TiterMax®, the manufacturer provides detailed information on preparation of antigen-adjuvant emulsions, recommended routes and sites, total volume and volume per site for injection in different species, and recommended immunization schedules. For TiterMax®, intradermal, subcutaneous, and intramuscular routes are recommended with volumes per injection site ranging from 0.01 to 0.25 ml in small and large animals. For Ribi, intradermal, subcutaneous, intramuscular, and intraperitoneal routes are recommended with volumes per injection site ranging from 0.05 to 0.50 ml in small and large animals. For these and other alternative adjuvants, it is recommended that investigators follow manufacturers' recommendations.
Post-injection Observations
Investigators and veterinary staff should observe animals for evidence of pain or distress, and for evidence of lesions such as swelling, abscess or fistula formation, and infection or ulceration at the immunization sites. CCAC Guidelines recommend that observations should be made at least 3 times weekly for a period of 4 weeks following immunization, or until all lesions have healed. An immunization clinical incidence form which includes the agent, route, site or sites, volume, date of injection and the body weight of the animal on the injection date may be helpful in maintaining careful data on individual animals. Veterinary follow-up, including clinical observations and palpations of the injected sites, and determination of the necessity for any supportive therapy is strongly recommended. All guidelines should instruct investigators to contact the veterinary staff if injection site lesions or evidence of pain or distress are identified in any animals. This will permit timely and appropriate assessment and institution of therapy when required. Supportive therapy may include topical cleansing, antibiotic administration, analgesic administration, or all three. Fluid replacement or nutritional supplements may also be required if the animals have sustained anorexia or decreased fluid intake.
Although lesser in severity and frequency by comparison to Freund's adjuvant, inflammatory lesions can occasionally be observed following immunization with alternative adjuvants such as TiterMax® or Ribi adjuvants. Inflammatory reactions, which include draining abscesses, have been observed 2-3 weeks following immunization with TiterMax® adjuvant (Check et al., 1990) . These lesions generally persisted for approximately 1 week and then gradually subsided. It would therefore seem prudent to recommend similar postinjection observations for animals receiving alternative adjuvants.
Blood Collection
Recommendations for acceptable methods of blood collection from different species that include maximum permissible volumes and frequencies of collection is an indispensable part of the guidelines. One standard recommendation is that the amount of blood collected every two weeks should not exceed 15% of the total blood volume of the animal. Given that 5-7% of the animal's body weight is blood, simple calculations regarding blood volume withdrawal can be used. Withdrawal of 15% of total blood volume equates to approximately 1 % of body weight. Investigators proposing to exceed these recommendations, or other IACUC guidelines, should be required to perform additional monitoring procedures such as periodically evaluating hematocrit and total protein or providing appropriate fluid or blood replacement therapy (Nerenberg et al., 1978) . Plasmapheresis may also be considered.
Survival bleeding is most commonly recommended via tail vein or retro-orbital sinus from rodents under anesthesia and via the marginal ear vein or central ear artery in rabbits with appropriate sedation or tranquilization. Acepromazine and droperidol-fentanyl are commonly recommended for this purpose in rabbits (Tillman and Norman, 1983) . Methoxyflurane is commonly recommended for anesthesia in rodents although other anesthetics are also commonly used, including tribromoethanol or ketamine and xylazine. Blood is generally collected from large animal species via jugular venipuncture with or without tranquilization.
Blood collection from rabbit ears by transsecting the vein with a razor cut is strongly discouraged and in many cases prohibited. The use of xylene for vasodilation is discouraged because of its irritant properties. If used, xylene should be removed rapidly with alcohol and then soap and water, followed by an application of a soothing lotion. Use of heat lamps, acepromazine, or droperidol-fentanyl are often recommended as preferred methods of enhancing vasodilation to facilitate blood collection. Because of the risk of cardiac tamponade, pulmonary hemorrhage, and pneumothorax, intracardiac blood collection is limited to terminal procedures and is performed under general anesthesia in both rodents and rabbits. Survival intracardiac blood collection was not recommended for any species in the guidelines in our survey.
Restraint
Proper methods for restraint during immunization and blood collection procedures must be used to avoid injuries to the animal as well as personnel. It is helpful to acclimate animals to handling and restraint procedures prior to the initiation of immunization or other experimental procedures. It is extremely important to train personnel to perform manual restraint techniques and to use commercially available restrainers properly. Sedation of rabbits with acepromazine or droperidol-fentanyl during immunizations to reduce stress, enhance vasodilation, and prevent injury to rabbits and personnel is often recommended (Tillman and Norman, 1983) . Other species may also be sedated for immunization procedures.
Alternative Techniques
Antibody production in chickens is an alternative in vivo technique for production of polyclonal antibodies. Indications and procedural methods for this technique are described in the manuscript by Hanly, Artwohl, and Bennett (p. 93 of this issue). Antibody production in chickens offers the advantage of providing a non-invasive means to obtain antibody that is recovered from the egg yolk.
Polyclonal antibody can also be recovered from ascites induced in immunized mice via intraperitoneal inoculation of a sarcoma cell line. The host's B-lymphocytes secrete antibody into the ascitic fluid (Kara, 1993; Ou et al., 1993) . Other methods have also been described for polyclonal antibody production in mice (Lacy and Voss, 1986; Mahana and Paraf, 1993) . Another alternative method for production of polyclonal antibodies is via placement of a subcutaneous whiffle ball chamber, which has been described in rabbits and chickens (Hillam et al., 1974; demons et al., 1992; Ermeling et al., 1992) . Immunizations are made directly into the chamber and antibody-rich fluid is harvested from the chamber. Advantages cited for this technique include greater flexibility in preparation of the immunogen, minimal discomfort and minimal tissue reaction in the animal, ease of immunization and collection of fluid from the chamber, and recovery of large volumes of antibody-rich fluid with low cellularity and absence of lipids (Clemons et al., 1992) . This procedure does require surgical placement of the chamber.
INSTITUTIONAL RESOURCES
Institutional guidelines should include information sources for investigators seeking training or assistance in performing technical procedures and veterinary assessment and treatment for animals. Guidelines should also indicate availability of reference materials. Investigators conducting their own monoclonal or polyclonal antibody production procedures will benefit from videotapes illustrating currently acceptable immunization, blood sampling, and ascites harvesting techniques. Operation of centralized facilities for in vivo or in vitro monoclonal antibody production or in vivo polyclonal antibody production can be useful, particularly for institutions where large scale antibody production is performed.
PERSONNEL SAFETY
Personnel safety associated with the materials and procedures for antibody production are an important component of these types of guidelines. Recommendations should urge caution when using FCA. Accidental needle sticks in humans have been associated with chronic, painful inflammatory lesions and abscesses, particularly in individuals that were already sensitized to mycobacteria. Also, in previously unsensitized individuals, subsequent positive turberculin tests have been documented (Chapel and August, 1975) . Protective clothing, including lab coat, safety glasses, and gloves are recommended to be worn. The use of luer-lock syringes in mixing antigen-adjuvant emulsions; avoidance of re-capping needles; and appropriate restraint, sedation, or anesthesia of animals to prevent injury to animals or personnel during immunizations should be emphasized.
Pristane can cause severe irritation if it comes into con-tact with the eyes, mucous membranes, skin, or respiratory or gastrointestinal tract. It is classified as a tumorigenic agent; therefore, appropriate precautions when handling this agent are required. As mentioned above, xylene's use should be discouraged; xylene is also an irritant, a mutagen, and a suspect carcinogen and the same precautions should be used when handling this agent.
DISCUSSION
Generally, there is agreement among recommendations made in institutional guidelines, published guidelines, and reports in the literature regarding the appropriate conduct of procedures for adjuvant use and antibody production. There was, however, considerable variability in recommendations for the number of permissible abdominal taps in mice used for ascites production. Restricting the number of taps to one may provide greater assurance that pain and distress are minimized, but at the same time, a much larger number of animals would likely be needed to produce the required amount of antibody. This conflict reflects the inherent difficulties in making these kinds of balanced decisions. While guidelines are, by definition, intended to serve as general recommendations, it should be emphasized that each animal must be treated on an individual basis and professional judgment must be exercised. For example, there is considerable variation in the biological behavior of different hybridoma cell lines. Some cell lines are very aggressive and cause rapid morbidity and mortality whereas other cell lines are more slowly progressive and cause minimal morbidity. Fewer taps may be appropriate for cell lines known to cause rapid morbidity, whereas multiple taps may be appropriate for cell lines causing more slowly progressive signs. Even within a given cell line there may be considerable variation in response between individual animals. For these reasons it is important to emphasize that each animal must be clinically evaluated when making determinations for the number of abdominal taps and the time for euthanasia. Likewise in polyclonal antibody production, individual animals may respond very differently to the same treatment. Sound professional judgment on the part of investigators and veterinarians is required to assure that the recommendations established in institutional guidelines are rationally executed.
The finding that institutional guidelines and the literature vary with respect to recommendations for routes and sites of administration, volumes per site, and number of sites per animal for antigen-adjuvant preparations using Freund's adjuvant in different species suggests that additional work in this area is necessary to better define acceptable parameters for these procedures in different species, which balance scientific requirements with humane care and use of animals.
In reviewing institutional guidelines, it is clear that while there are many commercially available alternatives to the use of Freund's adjuvant, Freund's adjuvant remains the most commonly used preparation. Vigorous attempts should be made by institutions to disseminate information about alternative adjuvants, investigators should be encouraged to investigate alternatives to the use of Freund's adjuvant, and efforts should be made to determine the inflammatory sequelae of alternative adjuvants being used in animals (Mallon et al., 1991) . Development and careful analysis of adjuvants with less severe inflammatory reactions, which provide adequate antibody response, should promote wider use of these products in biomedical settings.
The establishment of guidelines that describe acceptable techniques for adjuvant use and antibody production are extremely helpful. These guidelines provide investigators with the information needed to design protocols and perform experiments in a humane fashion with due consideration for the effects of these procedures on animals (Toth and Olson, 1990) . We therefore encourage all institutions to develop such guidelines for these and other in vivo procedures.
